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RULE TO DETERMINE CMP POLISH TIME 

FIELD OF THE INVENTION 

The invention relates to the general ?eld of chemical 
mechanical planariZation With particular reference to pla 
nariZing shallow trenches that have been over ?lled With 
HDP oxide. 

BACKGROUND OF THE INVENTION 

With the growing need for higher densities in integrated 
circuits, the STI (shalloW trench isolation) process has 
gradually replaced the LOCOS (local oxidation of silicon) 
process. The STI process begins With the formation of 
shalloW trenches in the surface of the silicon Wafer folloW 
ing Which these trenches are over-?lled With a suitable 
dielectric material, typically silicon oxide, the excess being 
then removed by means of CMP (chemical mechanical 
polishing). In principle, the advancing etch front during 
CMP should be ?at and independent of the initial surface 
contours, hence its popularity for planariZation. In practice, 
hoWever, the advancing front is not alWays as ?at as Would 
be desired, being in?uenced as much by the nature of the 
materials being etched as by the initial surface contour. For 
example, the CMP removal rate of an oxide layer Will be 
loWer Where it is underlaid by another layer of oxide and 
higher Where it is underlaid by a layer of metal. 
As a consequence, the amount of material that is removed 

after CMP, as Well as the time needed to remove it, Will vary 
from one Wafer to the next if the underlying metal patterns 
(Which in turn depend on the particular technology and 
circuits that are being implemented) are different. 

Clearly, it is possible to determine the optimum polishing 
time for any given class of Wafers by purely empirical means 
such as conducting a test run involving several different 
polishing times each time a neW Wafer design is to be 
implemented. Pilot runs of this type are, hoWever, very 
time-consuming (typically 8—10 hours), rendering this 
approach expensive, particularly if the technology being 
calibrated is not to be manufactured in large quantities. 

There have, therefore, been a number of suggested 
approaches as to hoW to determine the optimum polishing 
time (i.e. the optimum amount of dielectric to be removed) 
Without the need to go through a pilot run. 

For example, Li et al. (US. Pat. No. 5,659,492) measure 
the times to ?rst break through the ?lm being polished. Then 
the time to completely remove the ?lm is measured and the 
tWo numbers are added to give the total required polishing 
time. 

Cote (US. Pat. No. 5,234,868) determines an end point 
for CMP by using an underlayer of different visual appear 
ance from the layer that is being removed. 

Schoenborn et al. (US. Pat. No. 5,298,110) ?rst measure 
removal rates inside and outside the trenches to determine 
their relative polishing rates. This information is used to 
predict optimum polishing times for future Wafers. 

Sahota et al. (US. Pat. No. 5,665,199) ?rst polish at least 
tWo test Wafers then measure the amount removed in four 
selected locations so as to characteriZe the extent of polish 
rate variation across the Wafer. They then use this data to 
determine the optimum polishing time. 

Hoffman et al. (US. Pat. No. 5,552,996) divide the Wafer 
surface up into a number of sub-regions. Optimum polishing 
time is determined for each sub-region and this data is then 
used to compute an optimum polishing time for a full Wafer. 

All of these approaches, While possibly representing an 
improvement over a full bloWn pilot study, are still very 
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2 
time-consuming. The present invention presents an 
approach that involves tWo hours or less to implement but 
that nevertheless provides a highly reliable guide as to hoW 
much material is to be removed in any particular case. 

SUMMARY OF THE INVENTION 

It has been an object of the present invention to provide 
a method for achieving shalloW trench isolation in minimal 
time With little or no dishing at the surfaces of the trenches. 

Another object of the invention has been to provide a 
simple formula Whereby the required amount of HDP oxide 
needed to achieve planariZation can be readily computed 
from several easily determined quantities. 

These objects have been achieved by noting that there is 
a linear relationship betWeen the amount of material that 
needs to be removed in order to achieve full, but dishing 
free, planariZation and a quantity called “OD for CMP 
density”. The latter is de?ned as PA><(100—PS) Where PA is 
the percentage of active area relative to the total Wafer area 
and PS is the percentage of sub-areas relative to the total 
Wafer area. The sub-areas are regions above the active areas 
that are etched out of the dielectric prior to CMP. Thus, once 
the materials have been characteriZed, the optimum CMP 
removal thickness is readily calculated for a Wide range of 
different circuit implementations. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-section of part of a silicon Wafer in Which 
shalloW trenches have been etched. 

FIG. 2 is a cross-section of shalloW trenches that have 
been over ?lled With HDP oxide. 

FIG. 3 shoWs the cross-section of FIG. 2 after a part of the 
excess HDP oxide has been removed prior to CMP. 

FIG. 4 is a plot of “OD for CMP density” as a function of 
the required amount of ?ller dielectric that is to be removed 
from a control Wafer. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring noW to FIG. 1, We shoW, in schematic cross 
section, a portion of a silicon Wafer 11 in Which shalloW 
trenches 12 have been etched. The areas betWeen the 
trenches (i.e. the un-etched surface of the Wafer) are referred 
to as active areas (shoWn as OD in the ?gure) as that is Where 
devices of various kinds Will be formed. 

Once the trenches are in place, they are then over-?lled 
With a dielectric material, typically to a thickness betWeen 
about 5,400 and 6,600 Angstroms. To deposit this dielectric 
HDPCVD. (high density plasma chemical vapor deposition) 
is often preferred because it has good gap ?lling capability 
and gives good uniformity both Within as Well as betWeen 
Wafers. Although dielectric deposited by a HDP process ?lls 
the trenches Without trapping voids, the resulting surface 
contour is very uneven, as illustrated in FIG. 2 Where HDP 
layer 22a is shoWn after a material such as silicon oxide or 
polysilicon has been laid doWn. 

If a Wafer covered With a layer of dielectric, having a 
surface pro?le such as shoWn in FIG. 2, is then subjected to 
CMP, by the time the active areas had been completely 
cleared of dielectric, signi?cant dishing of the material 
inside the trenches Will have occurred. In order to avoid this, 
partial etching of the HDP layer is performed prior to CMP. 
The mask that is used in patterning the photoresist is the 
reverse of the mask that Was used to etch the trenches and 
the material above the active area, With the added proviso 
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that the areas removed are somewhat smaller than the active 
areas. The portions of the HDP layer that get removed have 
been labeled ODR in FIG. 3 Which shoWs the appearance of 
the HDP layer 22b after etching has taken place. In general, 
the ratio of any given sub-area (ODR) to its corresponding 
active area (OD) is betWeen about 0.2 and 0.8:1. 

Thus, given the pro?le shoWn in FIG. 3, the problem that 
is to be solved by the method of the present invention is hoW 
to provide a simple rule for determining hoW much more 
material is to be removed by CMP so that, at its completion, 
the active areas Will be clear of insulation While the trenches 
Will be fully ?lled Without the presence of any dishing. 

The principle on Which the present invention is based is 
our observation that there is a linear relationship betWeen the 
optimum thickness of dielectric to be removed through CMP 
and a quantity that We Will call “OD for CMP density”. 
Before de?ning the latter We need to de?ne several other 
quantities: 
PA is the percentage of active areas (OD) relative to the 

total Wafer area. 

PS is the percentage of the sub-areas (ODR) relative to the 
total Wafer area. 

“OD for CMP density” can noW be de?ned as PA><(100— 

PS). 
The aforementioned linear relationship betWeen “OD for 

CMP density” and the optimum thickness to be removed (for 
a control Wafer) is illustrated in FIG. 4 Where curve 42 is 
actual experimental data for Which straight line curve 41 is 
a close ?t. Once this relationship is knoWn, it is then possible 
to derive an expression for OT, the optimum thickness of 
dielectric material that is to be removed: 

Where K1 and K2 are experimentally determined con 
stants (readily read off curves such as 41 in FIG. 4). 
Their particular values Will depend on the properties of 
the STI dielectric material as Well as on the CMP 
removal rate. 

In general, K1 Will be in the range of from about 0.5 to 0.7 
Angstroms, While K2 Will be in the range of about 1,000 to 
about 2,500 Angstroms. 

Both PA and PS are readily obtained from the computer 
mask data base. This takes less than 10 minutes, enabling us 
to complete the CMP process in less than 2 hours. Typically, 
PA is betWeen about 20 and 50% While PS is betWeen about 
10 and 30%. 

It takes less than 10 minutes to obtain values for PA and 
PS (available on our in-house company netWork) so that OT 
can be determined very quickly, enabling the ?nal CMP step 
to be implemented With a minimum of delay While at the 
same time ensuring that all dielectric gets removed from the 
active areas Without introducing any dishing effects in the 
dielectric material inside the trenches. Typical values for OT 
are in the range of from about 2,000 to 4,000 Angstroms. 

While the invention has been particularly shoWn and 
described With reference to the preferred embodiments 
thereof, it Will be understood by those skilled in the art that 
various changes in form and details may be made Without 
departing from the spirit and scope of the invention. 
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What is claimed is: 
1. A process for shalloW trench isolation, comprising: 
providing a silicon Wafer suitable for forming integrated 

circuits, having an upper surface and a total area; 
by means of a ?rst mask and photolithography, etching 

shalloW trenches in said upper surface thereby forming 
active areas betWeen the trenches; 

determining the percentage, PA, of said active areas 
relative to the total area; 

depositing a layer of a dielectric over said Wafer suf?cient 
to over?ll the trenches; 

by means of a second mask and photolithography, selec 
tively etching sub-areas of the dielectric, said sub-areas 
being Wholly Within, and of lesser area than, said active 
areas; 

determining the percentage, PS, of said sub-areas relative 
to the total area; 

determining a thickness, OT, according to a formula: 

Where K1 and K2 are slope and Y intercept, respectively, 
read off an experimental plot of OT versus PA><(100— 
PS); and 

by means of a single chemical mechanical polishing step, 
removing said thickness OT of the dielectric, Whereby 
all dielectric is removed from the active areas and no 
dishing of dielectric inside the trenches occurs. 

2. The method of claim 1 Wherein said dielectric is 
selected from the group consisting of silicon oxide and 
polysilicon. 

3. The method of claim 1 Wherein K1 is betWeen about 0.5 
and 0.7 Angstroms. 

4. The method of claim 1 Wherein K2 is betWeen about 
1,000 and 2,500 Angstroms. 

5. The method of claim 1 Wherein the dielectric is 
deposited to a thickness betWeen about 5,400 and 6,600 
Angstroms. 

6. The method of claim 1 Wherein said thickness OT of 
dielectric removed through chemical mechanical polishing 
is betWeen about 2,000 and 4,000 Angstroms. 

7. The method of claim 1 Wherein PA is betWeen about 20 
and 50%. 

8. The method of claim 1 Wherein PS is betWeen about 10 
and 30%. 

9. The method of claim 1 Wherein the step of determining 
PA further comprises: 

determining an amount of light transmitted by said ?rst 
mask relative to an amount of light transmitted through 
a clear area. 

10. The method of claim 1 Wherein the step of determin 
ing PS further comprises: 

determining an amount of light transmitted by said second 
mask relative to an amount of light transmitted through 
a clear area. 

11. The method of claim 1 Wherein the dielectric is 
deposited by means of high density plasma chemical vapor 
deposition. 


